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Abstract 

Background: Plasma selenium (Se) concentrations corresponding to optimal health are 
highly dynamic and based on a combination of factors that need to be considered when 
assessing epidemiological data, such as the findings linking serum Se and type 2 diabetes 
mellitus (DM). High serum Se concentrations may be associated with a higher occurrence 
of diabetes. Aim: To evaluate the correlations between serum Se levels and DM in pa-
tients with chronic Hepatitis C (CHC). Patients and Methods: This case-control study in-
cluded three groups; group 1 (29 CHC patients with DM), group 2 (29 CHC patients with-
out DM) and group 3 (29 healthy control). Subjects were tested for biochemical liver 
function tests, fasting blood sugar [FBS], and fasting insulin levels). Homeostasis model 
assessment (HOMA)-insulin resistance (IR) was calculated. Se levels were measured us-
ing Atomic Absorption Spectroscopy. Results: serum Se were significantly higher in 
group 1 and group 3 compared to group 2 (p<0.01). Meanwhile, serum Se were insignifi-
cantly higher in group 1 than in group 3 (p>0.05). Cutoff value to differentiate diabetic 
and non-diabetic CHC patients using serum Se was >10 µg/l with sensitivity (76%) and, 
specificity (86.2%). The incidence and the risk of Se deficiency were significantly higher 
among group 2 than among group 2 (24.1% vs. 3.4%, respectively) (p<0.05). In entire CHC 
patients (group 1+group 2), the mean HOMA-IR values were significantly lower in the 
group with deficient Se levels than in the group with normal Se levels (p=0.005). A nega-
tive correlations between serum Se levels and ALT levels, AST levels, and diabetes treat-
ment was found. Conclusions: Serum Se levels were significantly higher in CHC+DM 
group and in control group than in CHC group. The incidence and the risk of Se deficiency 
were higher among HCV group compared to CHC+DM group. 
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Introduction 

Hepatitis C Virus (HCV) infection is con-
sidered a major and serious health-
problem in Egypt. It is considered a 
frequent cause of CHC, and leads to the 

development of cirrhosis and hepato-
cellular carcinoma (HCC). It is estimated 
that about 150 to 200 million people are 
infected with HCV worldwide, and ap-
proximately 85% of them will be chroni-
cally infected(1). DM is one of the most 
common endocrine diseases, and it can 



49 Se levels and DM in CHC patients 

 

 

lead to kidney failure, blindness, nerve 
damage, amputation. Also DM is a ma-
jor risk factor for atherosclerosis, hy-
pertension, stroke, heart disease, birth 
defects, all ultimately associated with 
increased mortality risk. DM type 2 is 
the most prevalent pattern of diabetes, 
currently affecting more than 300 mil-
lion people worldwide(2). It is character-
ized by the combination of IR and pan-
creatic β cell function failure(3, 4). It has 
long be known that glucose intolerance 
is a common complication of most 
chronic liver diseases, independently of 
the etiology, especially at the advanced 
stages. But, studies had shown that 
CHC patients are associated with an 
increased risk of developing IR greater 
than patients with other types of chron-
ic liver disease. This risk is at least 2 
folds as compared to both general 
population and people with other liver 
disease, and up to one third of HCV 
patients develop DM type 2(5). Se is one 
of the essential trace elements. Human 
needs just a bit of it for normal cellular 
functioning, but it can be toxic if taken 
too much(6, 7). The average daily need is 
about 55 µg, however, it becomes 
harmful when the dose exceeds 400 
µg/d (Selenosis). Plasma concentration 
of Se is the best indicator of Se status, 
plasma seleno-protein P and plasma 
glutatione perioxidase activity are con-
sidered also biomarkers to assess Se 
status(8). Se is vital for normal glucose 
metabolism. Plasma Se concentrations 
corresponding to optimal health are 
highly dynamic and based on a combi-
nation of factors that need to be con-
sidered when assessing epidemiological 
data, such as the findings linking serum 
Se and type 2 DM. High serum Se con-
centrations, which reflect dietary in-
take, are associated with a higher oc-

currence of diabetes, higher FBS and 
increased glycosylated hemoglobin 
levels(9,10). This hypothesis suggests 
that Se levels associated with the sever-
ity of hepatic fibrosis in patients with 
CHC is likely to be one of the factors 
contributing to IR in those patients(11). 

Diabetic patients should avoid Se sup-
plements until randomized controlled 
trials show objective benefits on mor-
tality or morbidity end points(12). 

Patients and Methods 

This case-control study was conducted 
to compare the serum level of Se in 
chronic HCV patients with and without 
type 2 diabetes. It was performed at 
Clinical Pathology and Internal Medicine 
Departments, Suez Canal University 
hospital. 

Subjects 
Three groups were enrolled; the first 
group included 29 CHC patients with 
DM, the second group included 29 CHC 
patients without DM and the third 
group included 29 healthy blood donors 
(anti-HCV negative and non-diabetic). 
The age of the studied subjects ranged 
from 24-60 years, both genders were 
included. CHC infection defined as posi-
tive anti-HCV antibodies and/or positive 
HCV-RNA for more than 6 months(13). 

Staging of the severity of chronic liver 
disease were from A to C according to 
Child-Pugh score(14). Definite diagnosis 
of DM was performed according to 
World Health Organization (WHO) cri-
teria where patient was considered 
diabetic if he has a single raised glucose 
reading (FBS ≥126mg/dl, PPS ≥140 
mg/dl, RBS ≥199.8mg/dl and hemoglo-
bin A1c ≥6.9%) with symptoms, or raised 
values on two occasions (FBS and 2 
hours PPS) even if there is no symp-
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toms, or raised RBS only but with typi-
cal symptoms (poly-depsia, polyuria, or 
hunger)(15,16). Patients with positive 
hepatitis B markers, HIV and HCC were 
excluded. Patients known to be diabet-
ic before the development of chronic 
HCV infection were also excluded.  

Methods 
All patients were subjected to baseline 
assessment for each case by history 
through interview checklist question- 

naire including; personal history (age 
and gender), past history of any chronic 
illnesses (DM, hypertension or renal 
failure). Full medical history of multi-
vitamin/mineral supplements, vitamin B 
complex, calcium supplementation, 
glucosamine sulfate, insulin/oral hypo-
glycemic drugs and anti-hypertensive 
drugs and Family history of DM. An-
thropometric measurements including 
body mass index (BMI) was calculated 
as weight (kg) / height (m²).

 
 

Table 1: Demographic and clinical characteristics of the studied populations 

Variables 
Group 1 
(n=29) 

Group 2 
(n=29) 

Group 3 
(n=29) 

p-value  

Age (years)     
Mean ±SD 44.5±8.3 41.3±8.3  39.1±8.9 0.7 
Range  30-60 25-56 24-55  

Gender     
Male 10 (34.5%) 14 (48.3%) 15 (51.7%) 0.42 
Female  19 (65.5%) 15 (51.7%) 14 (48.3%) 

BMI (kg/m2)     
Mean ±SD 20.6±2.99 21.3±2.4  19.7±2.1 0.009** 
Range  16-25 17-25 16-24 

SBP (mmHg)     
Mean ±SD 114.7±21.4 111.7±18.1 110.3±13.4 0.64 
Range  80-160 70-140 80-130 

DBP (mmHg)     
Mean ±SD 81.6±15.7 76.2±11.1 77.8±6.9 0.21 
Range  60-120 50-95 65-90 

DM treatment      
Yes  16 (55.2%) - - - 
No  13 (44.8%) - - 

*Significant p-value ≤0.05, **highly significant p-value ≤0.01, SBP= systolic blood pres-
sure, DBP= diastolic blood pressure, DM=diabetes mellitus. 

 
About 5 ml of blood was withdrawn 
from each patient by the researcher. 
Blood was collected into labeled vacu-
um tube, centrifuged at 3000 g for 10 
min, and serum was separated in 
eppendorf and stored frozen at -20˚C 
till analysis. The following biochemical 
parameters were done for every pa-
tient; liver function tests: ALT, AST, 

GGT, albumin, bilirubin and PT. FBS lev-
els after 8-12 hours fasting and fasting 
insulin level were performed. HOMA-IR 
was calculated as (fasting insulin µ/L ҳ 
FBS mg/dl) /405 or (fasting insulin 
mu/ml ҳ FBS mmol/L) / 22.5. All bio-
chemical parameters were performed 
using fully automated auto-analyzer 
Cobas C501 (Roche diagnostics, Germa-
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ny) . Assessment of serum selenium 
level was done using Atomic Absorp-
tion Spectroscopy. Light of a specific 
wavelength is passed through the 
atomic vapor of an element of interest, 
and measurement is made of the at-

tenuation of the intensity of the light as 
a result of the absorption. Selenium will 
absorb ultraviolet light in its elemental 
form when it is excited by heat, either 
by flame or graphite furnace(17). 

 
Table 2: Liver function tests of the studied populations 

Variables 
Group 1 
(n=29) 

Group 2 
(n=29) 

Group 3 
(n=29) 

p-value  

AST (U/ml)     
Mean ±SD 52.7±13.1 50.97±19.8  26.3±5.7 <0.0001** 

Range  36-85 13-96 18-39 

ALT (U/ml)     
Mean ±SD 36.3±8.8 35.6±14.5 17.03±4.3 <0.0001** 

Range  22-57 8-60 11-28 

GGT (IU/L)     
Mean ±SD 25.2±6.2 23.8±4.8 19.5±4.7 <0.0001** 

Range  17-41 17-35 10-27 

PT     
Mean ±SD 16.0±4.4 15.4±3.0  12.8±0.1 <0.0001** 

Range  13-32 13-25 12.5-13.0 

Albumin (gm/dl)     
Mean ±SD 2.9±0.99 3.5±0.89 4.2±0.60 <0.0001** 

Range  1.3-4.9 1.8-5.0 3.0-5.0 

T. bilirubin (mg/dl)     
Mean ±SD 2.3±1.2 1.5±1.02 0.76±0.44 <0.0001** 

Range  1-4 0.1-4 0.1-1 
**highly significant p-value ≤0.01, ALT= Alanine transaminase, AST= Aspartate 
transaminase, GGT= Gamma-glutamyl transpeptidase, PT= Prothrombin time. 

Results 

The mean age and gender of the stud-
ied groups were comparable (p=0.7 and 
p=0.42 respectively). The mean values 
of BMI were higher in the first group 
(chronic HCV patients with DM) and the 
second group (chronic HCV patients 
without DM) than in the third group 
(healthy control) (20.6 kg/m2 vs. 21.3 
kg/m2 vs. 19.7 kg/m2, respectively) 
(p=0.009). There were no statistically 
significant differences between the 
studied groups regarding mean SBP 
and DBP (p=0.64 and 0.21, respective-
ly). In the first group, 55.2% of the pa 

 
tients administered treatment for dia-
betes (Table 1). The mean values of 
AST, ALT, GGT, PT and total bilirubin 
were significantly higher in the first and 
the second groups than in the third 
group, while the mean values of serum 
albumin were significantly lower in the 
1st and the 2nd groups than in the 3rd 
group (p<0.0001). Moreover, the mean 
values of total bilirubin were significant-
ly higher in the 1st group than in the 2nd 
group (p<0.0001), while the mean se-
rum albumin were significantly lower in 
the first group than in the second group 
(<0.0001) (Table 2).  
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Table 3: Incidence of Se deficiency among the studied populations 

Variables 
Group 1 
(n=29) 

Group 2 
(n=29) 

Group 3 
(n=29) 

OR 95% CI p-
value  

Se levels        
Deficient (≤5 µg/l) 1 (3.4%) 7 (24.1%) 0  8.9 1.0-78.0 0.02* 

Normal (>5 µg/l) 28 (96.6%) 22 (75.9%) 29 (100%)   
*Significant p-value ≤0.05, **highly significant p-value ≤0.01, OR= odds ratio,  
CI= confident interval. 

 
Table 4: Incidence of insulin resistance (IR) among the studied populations 

Variables 
Group 1 
(n=29) 

p1 Group 2 
(n=29) 

p2 Group 3 
(n=29) 

p3 

IR       
IR (≥2) 24 (82.8%) 0.003** 12 (41.4%) 0.043* 5 (17.2%) <0.0001** 
No IR (<2) 5 (17.2%)  17 (58.6%)  24 (82.8%)  
 **highly significant p-value ≤0.01, p1=p-value between group1 and 2, p2=p-value between 
group2 and 3, p3=p-value between group1 and 3. 

The mean values of FBS, fasting insulin 
and HOMA-IR were significantly higher 
in the first than in the second group 
and the third group (p<0.0001). The 
mean values of fasting insulin and 
HOMA-IR were significantly higher in 
the second group than in the third 
group (p<0.0001). The mean values of 
serum Se were significantly higher in 
the first group and in the third group in 
comparison to the second group 
(p<0.0001). Meanwhile, the mean val-
ues of serum Se were insignificantly 
higher in the first group than in the 
third group (p=0.58) (Chart 1). The re-
ceiver operating characteristic (ROC) 
curve showed that the optimal cutoff 
value to differentiate diabetic and non-
diabetic HCV patients using serum Se 
was >10 µg/l. Although the sensitivity of 
serum Se was relatively low (76%), it 
was more specific (86.2%) and had 
much better positive and negative pre-
dictive values (85% and 78.1%, respec-
tively). The ROC curve for cutoff points 
of serum Se for detecting of type-2 dia-
betes mellitus in chronic HCV patients 
showed that serum Se more than 10  

µg/l was the most accurate diagnostic 
value for detection of diabetes mellitus 
with an area under curve of (0.87) with 
significant level of (p<0.0001) (Chart 2). 
The patients were subdivided into nor-
mal serum Se (>5 µg/l) and deficient 
serum Se (≤5 µg/l). The incidence and 
the OR of Se deficiency were signifi-
cantly higher among the second group 
than among the first group (24.1% ver-
sus 3.4%, respectively) (OR=8.9, 95% CI 
=1.0-78.0, p=0.026) (Table 3). In entire 
HCV patients (n=58), the mean HOMA-
IR values were significantly lower in the 
group with deficient Se levels than in 
the group with normal Se levels (mean 
HOMA-IR were 2.3 µg/l versus 6.4 µg/l, 
respectively) (p=0.005). The incidence 
IR was significantly higher among the 
first group than among the second 
group (82.8% versus 41.4%, respectively) 
(p=0.003). The incidence IR was also 
significantly higher among the second 
group than among the third group 
(41.4% vs. 17.2%, respectively) (p=0.04) 
(Table 4). There were significant nega 
tive correlations between serum Se 
levels and ALT levels (r=-0.21, p=0.049), 
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AST levels (r=-0.22, p=0.048), and ad-
ministered diabetes treatment (r=-0.36, 
p=0.043) (Table 5 and Charts 3-4). The 
correlations between serum Se levels  

 

and age, gender, BMI, SBP, DBP, FBS, 
fasting insulin, total bilirubin, serum 
albumin, PT, GGT, and HOMA-IR were 
statistically insignificant (p>0.05).  

 
Table 5: Correlations between serum Se and the studied variables 

 
Pearson 

Correlation 
p-value 

Age  0.041 0.709 

Gender  0.029 0.789 

BMI -0.098 0.365 

SBP 0.036 0.739 

DBP 0.072 0.509 

FBS (mg/dl) 0.169 0.118 

Fasting insulin (u/ml) -0.053 0.624 

Total bilirubin (mg/dl) 0.075 0.492 

Serum albumin (gm/dl) -0.054 0.622 

PT 0.013 0.906 

GGT (IU/L) -0.032 0.768 

ALT (U/ml) -0.210 0.049* 

AST (U/ml) -0.220 0.048* 

HOMA- IR 0.071 0.514 

Diabetes treatment -0.362 0.043* 

*Significant p-value ≤0.05. 

 
Discussion 

The essential trace mineral, Se, is of 
fundamental importance to human 
health. As a constituent of seleno-
proteins, Se has structural and enzy-
matic roles, in the latter context being 
best-known as an antioxidant and cata-
lyst for the production of active hor-
mones. Se is needed for the proper 
functioning of the immune system, and 
appears to be a key nutrient in counter 
acting the development of virulence 
and inhibiting virus progression. It is 
required for sperm motility and may 
reduce the risk of miscarriage. Se defi-
ciency has been linked to adverse mood 

states. An elevated Se intake may be 
associated with reduced cancer risk. 
Findings have been equivocal in linking 
Se to cardiovascular disease risk alt-
hough other conditions involving oxida-
tive stress and inflammation have 
shown benefits of a higher Se status(18). 
Plasma Se concentrations correspond-
ing to optimal health are highly dynamic 
and based on a combination of factors 
that need to be considered when as-
sessing epidemiological data, such as 
the findings linking serum Se and type 2 
DM. High serum Se concentrations, 
which reflect dietary intake, are associ-
ated with a higher occurrence of DM, 
higher FBS and increased HBA1c (9,19-20). 



Soliman NM et al. 54 

 

0

10

20

30

40

50

60

70

80

90

L
e

v
e

ls
 o

f 
s
e

ru
m

 s
e

le
n

iu
m

 

HCV+DM HCV Control

 
Figure 1:Mean levels of serum Se among the studied populations 
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Figure 2: Receiver operating characteristic (ROC) curve with optimal cutoff  

value for detecting type-2 diabetes mellitus in chronic HCV patients. 

 
In our study, the mean age was 44.5 
years, 41.3 years and 39.1 years in the 1st, 
the 2nd and the 3rd groups, respectively. 
The studied groups were age-matched 

without any statistically significant dif-
ferences (p>0.05). This comes in 
agreement with the results of Lehman 
and Wilson(21) who estimated the preva-
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lence and the incidence of HCV infec-
tion in Egypt. They reported that the 
age group 40–44 years has very high 
prevalence rate of HCV infection (33%) 
with a mean annual incidence of 25.5 
per 1000 population. Regarding gender, 
the frequencies of female patients 
were slightly higher than male patients 
in the first (HCV+DM) group and the 
second (HCV) group, but the differ-
ences between groups were insignifi-
cant (p<0.05). Similar results about 
gender differences were found in Afri-
can study performed by Ayele and 
Gebre-Selassie(22). Several previous Eg-
yptian researches have reflected these 
different values between different 
genders(21,23-25). Our data observed that 
the mean values of BMI were higher in 
the first (HCV+DM) and the second 
(HCV) groups than in the third group 
(healthy control) (20.6 kg/m2 versus 21.3 
kg/m2 versus 19.7 kg/m2, respectively) 
(p<0.01). In the same manner In agree-
ment with this notification, Zhou et al. 
(26) found that the patients with type 2 
DM had higher frequency of over-
weight and obesity than matched con- 
trols. Obesity (especially abdominal or 
visceral obesity) is one of the compo-
nents of IR syndrome along with 
hyperinsulinemia, dyslipidemia of the 
high-triglyceride and/or low HDL type, 
and hypertension(27). The current study 
indicated that the mean values of fast-
ing insulin and HOMA-IR were signifi-
cantly higher in the second (HCV) group 
than in the third (healthy control) 
group (p<0.01). Similar results were 
obtained by Muzzi et al.(28) and Taura et 
al. (29) who denoted that HCV infection 
is highly associated with IR. In agree-

ment with our study, a study performed 
by Lecube et al.(30) indicated that HCV-
infected subjects had significant in-
crease of the fasting insulin and signifi-
cant decrease in insulin sensitivity. Fur-
thermore, several studies suggested 
that IR promotes hepatic fibrosis. This 
hyper-insulinemia was suggested to 
have a major role in the development of 
hepatic fibrosis.(31,32). The mean values 
of serum selenium were significantly 
higher in the first (HCV+DM) group and 
in the third (healthy control) group 
than in the second (HCV) group. 
Meanwhile, the mean values of serum 
Se were insignificantly higher in the first 
(HCV+DM) group than in the third 
(healthy control) group. Consistent 
with these results, Laclaustra et al.(19), 
Stranges et al.(9) and Rocourt and 
Cheng(33) reported that high serum Se 
concentrations are associated with a 
higher occurrence of diabetes, higher 
FBS and increased glycosylated hemo-
globin levels. Epidemiological studies 
have shown an association between Se 
and type 2 DM. National health and 
nutrition examination survey (NHANES) 
indicated that serum Se is positively 
correlated with an increased incidence 
of type 2 DM(19,34). In addition, another 
study conducted by Stranges et al.(35) 
indicated that individuals that had the 
highest baseline Se levels were at an 
increased risk for type 2 DM even when 
factors, such as age, sex, body mass 
index and smoking status were con-
trolled. The incidence and the risk 
(OR=8.9) of Se deficiency were signifi-
cantly higher among the second (HCV) 
group than among the first (HCV+DM) 
group (24.1% versus 3.4%, respectively).  
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Figure 3: Significant negative correlation between serum Se and ALT levels 

 

 

 

Figure 4: Significant negative correlation between serum Se and AST levels 

 

This can be explained by the fact, in 
HCV, the liver cells become affected 
with deterioration in its functions which 
cause this Se deficiency due to decease 
of selenoproteins biosynthesis. Mean-
while, dysregulation of carbohydrate 
metabolism in diabetes might affect 
serum Se levels, as the hepatic biosyn 

thesis of selenoproteins is suppressed 
by insulin and stimulated under hyper-
glycemic conditions. So, with higher 
blood sugar (hyperglycemia), the Se 
synthesis is increased, while, with ad-
ministration of treatment (insulin), the 
Se synthesis is decreased. This was em-
phasized by our study as there was sig-
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nificant negative correlations between 
serum Se levels and administered dia-
betes treatment (r=-0.36, p=0.043). In 
similar direction, low Se is a significantly 
greater risk factor (OR=16) in HCV pa-
tients, and conferred a more significant 
risk than deficiency of any other nutri-
ent investigated. Low levels of Se were 
significantly and independently related 
to mortality and faster disease progres-
sion(36). An assumed link between se-
rum Se and type 2 IR/DM was discussed 
by Steinbrenner(37). Se concentrations 
in the habitual diet and in dietary sup-
plements are probably not sufficient to 
induce overt diabetes in healthy indi-
viduals. On the other hand, high serum 
Se and selenoprotein levels have been 
found to be associated with biomarkers 
of an impaired carbohydrate and lipid 
homeostasis in humans. Moreover, 
abundant expression of antioxidant 
selenoproteins due to dietary Se over-
supply resulted in hyperinsulinemia and 
decreased insulin sensitivity in animal 
models. In HCV patients (group 1+group 
2), the mean HOMA-IR values were sig-
nificantly lower in the group with defi-
cient Se levels than in the group with 
normal Se levels (2.3 µg/l versus 6.4 
µg/l, respectively) (p=0.005). Rayman 
and Stranges (38) mentioned the find-
ings from observational cross-sectional 
studies that high Se exposure is associ-
ated with type 2 diabetes or IR. Factors 
affecting serum Se are not just location 
and level of disease-associated inflam-
mation, but the fact that higher con-
centrations of serum Se and lower con-
centrations of glutathione peroxidase 
are found in type 2 diabetic patients 
than in normal subjects. In conclusion, 
there is a clear association between 
higher serum Se and impaired glucose 
metabolism, IR and type 2 diabetes. In 

conclusion, this study found a close 
relationship between serum Se levels 
and DM in patients with chronic HCV 
which must be confirmed by further 
larger, more controlled studies.  
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